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PATENT 
8013-1006 



IN THE U.S. PATENT AND TRADEMARK OFFICE 



o 

Applicant: Masaru KURAMOTO et al. Conf.: a* t 



Appl. No.: NEW Group: ^^rj 

Filed: March 7, 2002 Examiner: , 

For: GROUP III-V COMPOUND SEMICONDUCTOR CRYSTAL STRUCTURE* 

AND METHOD OF EPITAXIAL GROWTH OF THE SAME AS WELL AS 
SEMICONDUCTOR DEVICE INCLUDING THE SAME 

CLAIM TO PRIORITY 

Assistant Commissioner for Patents March 7, 2002 

Washington, DC 20231 

Sir: 

Applicant (s) herewith claim(s) the benefit of the 
priority filing date of the following application ( s ) for the 
above-entitled U.S. application under the provisions of 35 
U.S.C. § 119 and 37 C.F.R. § 1.55: . 

Country Application No. Filed 

JAPAN 2001-063688 March 7, 2001 



Certified copy(ies) of the above-noted application ( s ) 
is (are) attached hereto. 

Respectfully submitted, 
YOUNG & THOMPSON 



Benoit Castel, Reg. No. 35,041 



745 South 23 rd Street 
Arlington, VA 22202 
BC/ia Telephone (703) 521-2297 



Attachment (s) : 1 Certified Copy(ies) 



«»3 

JAPAN PATENT OFFICE SsfiS 



0 & ® ft ifr Jf =>§ 



v > s * ^ t m - -c -5 ^ £ £ he m -t s • 

This is to certify that the annexed is a true copy of the following application as filed 
with this Office 

m m * n s 

Date of Application: 2 0 0 1^ 3^ 70 

m m # & 

Application Number: . 2001-063688 
Applicants): ^ B#*^Cffci£^*± 




JUSES"^ ffilE# 2001-3094732 



#2001—063688 



mm*] 

[HUB] 

[#«PffiHA3 
[»»![##] 

[Ifttfcf^lA] 
[»J8!l#-33 

[««l#-&3 

[#a±3 



33409817 
^13^ 7 0 

H01L 21/205 



A 

Hf5*= 
000004237 

100088328 

03-3585-1882 
100106297 



100106138 



089681 



1 



miiE# 2001-3094732 



4#2 0 0 1 -0 6 3 6 8 8 



mtf±m) 2i,ooob 

[«#*] m# i 
mm**] i 

[*M*£1 km* l 

[&ffi*tt«#^3 9710078 

[y;i/-7©^] n 



2 



ffiSE#2 001-3094732 



#2001-063688 



& ^^m^ t u t 7 7 -t y h & mm s * & # & mmmu± k i i i 
*««Te« ( i ) 

h ^ (w/2) tan© ( 1 ) 

WKIII*3ft4&¥*##. G a N, AlGaNtfettlnAlGaN-e^r 

i: fe4#*K * * 1 1 

X [11-2 0] jsmttc&mijfafrt) 1 0£#ft©T*l#£fc-t#fflT*&£^ 
i: £ #^ £ ? S 1 1 l«£*fc*¥**fc©j**m 

t [i-ioo] #ffl*fcttK#fa#e> i ogj«ft®m£&&'f #iRn?fcS£ 
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m&m 7 ] m&m. 1 6 ^m^zmm<D 1 1 imm^tm^m^<D^ 
#&tc «fc y 1 1 imm<tm*mfam ttB&t l b&ib»m & »*-r s r t ic j: y 

im&mi o] ^ivbfttfi o Of2>#TT'&Sz:fc&#1gfc£"t«2>lll|£g 

[Mil] hfttfs o#j^tt*$>»J, f;i/h^AUoo#ar 

2] »#^9 73rMi l.v^ti^JcgH«©lll«Sffc4iJ^»fM!l 
ICfeVNT. J|N-«t:J:aiS^10 0cm 2 /V- s J^_L # 
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mumw* %mmi immtw*m<bm k o t test- & en t>\ mumm , 

9 _t® £ ^ tf¥® £ 7^ ? iC J; o T ffl * ft Z> V * * H§ PM^cP^ ^tir 

mmnmtfx h^^^mzi&i&tsftfcztzftmt^ziummtM^mfam* 

i-sv***:, m^x*zm&&ti£t)izM&2ft&uimm<tm¥mftm}i. 
mi immk®*M&±\zi&& $ ft tcm+mm. tm*. & 1 1 

m&m2o] m*mi azt^ti $\zmm<Diiinmt®*m<km*iz 

mmtLx [i 1-20] %fa$.fetemj;mfr<b i o mPMHa-tft-ftZte-t^m 
T*%>2>z\£*mm£.?2>ii immtm^mfom** 

[ft*«2 i] m&mi sitr^zi $\ztim<niiimuitm*mfom*\z 
fevNT. mmnmvx h^^fiw, mmuim^itm^mi^(Dm^mm^ 
mmthx ci-ioo] -%\%&fri l zmj3ftfr*> i o^^(D-rn^f$:^-r^iPi 
x$bz>z\£zmffltt-tz>i ummitm^mftm** 

[f^2 2] »#SCl 7 72rM2 1 ^Ttl^fCfH*g(7)III^^t:#l^#^ 
lil^fCfcV^ V**<Z)J|E^#3 /* mJ^_tT*$> S 3 H Zftffli £. f £ 1 1 iM^it^i 

znmt^zn immtm^mwm^o 

[11^2 4] m&i%2 z\zuM<niiimmtm*mfcm*\z&^T. \h 
mm*tfi o cm- 1 uTT*&&z\£z&m£?zinmmty!} i tmfam : ?'o 
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o 

[»*«2 7] 3S*ffc, KaS#©±C#«Sftfe;*h5>f?ttWP»&tf 

[»**2 8] »^S2 6£fe&2 7lC3B«©IIl£gffcfc4M»fMS*K 
fe^T, WI3WP*©;*^>f:/#fo#, «rKIII»aft**##CDlSfi#3ife 

mmthx [11-20] xftt&izwusm^ i o^w^-rti^^^i-*^ 

«*i£UT [1-10 0] #lRj*fettSDEfffl*ve> 1 O^a^^fn^&^f 
[»#«3 0] 39$£2 6 73rS2 9 ^*ft#fc«iUDIII«3fcfc4Mi*# 

[0 0 0 1] 

[0 0 0 2] 
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[0 0 0 3] 

OiA^ii: t>m b < . ^M«#^£&ic«^g!r^#30~9o c m 2 /V 

[0 0 04] 

ZL(Dtz.®>, &*teG*m¥mftmfcZftm?Z>r=.&>izm8 (a) ~ (e) <Z># 

•So iiilbT, (0 0 0 1) It77-< yS«lll_tlC1.2/*mff<Z)GaNlg|112£ 
^tf^J^bfetj©?:^^ d(Z)GaNlg|112^t®lC S i C> 2 lg| £200nm7£j& U 7* 
h'jy^77^t-?X'V hX^>yT'VX^114^^^113lC^HLfe 0 f& 
^I^llS&tfVX^ll^ -£*l^*l5 fin^mn mips© X h^-f 7°^i:t5 
■ * h:7-f <ll-20> £f £(IS8 (a) ) „ 

[0 0 0 5] 

&V>T% III;6£M^T*&£#y ?A (Ga) £J&fli7fc^i (HC1) ©£/&£f£%T* 

&si£tt:#D?A (Gaci) iiv^ig^tcr^^-r (nh 3 ) K 

^-f KVPE&lCj; y, j£:SHK^113{CGaN115^£^$i±So niF-A">hW 
£ LTt£^n;i/2/^> (SiH 2 Cl 2 ) &fflv^„ SSlll$:;\^ F® 

tc -fey h u *i#H^t'^Mii o o o°c{c#M-r^ 0 m&umtf 

^ITA^, HCl$fg*$:2 0cc/^T5^M^-r^3ilT% ^«fI^cll3lC 
GaN115Jg<Z> (1-101) ®fr & £ 7 7 fe y h*3t€:«*S -&3 (08 (b) ) . 

JC^-rs*T», GaN115JRS:^«S*S (®8 (c) ~ (e) ) 0 d(D#?&T^#<b 
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#2001—06 3 688 
Hfc&Wte&UZ. J£AT, ELO (Epitaxial Lateral Overgrowth) Bt^^Z. 

«K&%*ipgJC<6^T*£.5o ^<D««(D K-tf>ytigt«5 X10 17 I/cm 3 

T*&»J, i£ifrjg&800c m 2 /VgIt'fe§. 
[0 0 0 6] 
[SBfEtfMfc L J: e> iltSlI] 

c m 2 nm<nmmt%iW \^x^^t=.mz. ELom^x^^m^^^x^hz. 

ctfiftx&mm. (v-fxb) zw-Dttb. ffiM£vxf&&LrzG*mi*=E*fj v 
®.zm?£mz.t>nx^2> 0 -mmz^yj ^mmtm^m • ft^6*H$»<z)&Mt 
{cbi^ltvns. zn^^-ji hft^y^x bftitxmwfeiz&^xfeAW&wm 
■tfsjmx&z (m%.*mizm^xi$&&?z>) „ m^it, ELomzm^K^v? 
7 << Ta=K_t{c<s?aA v7 7-mzm^xm£kLfri.2d mmnGammonv b 

WGaN ELOJ^©^;i/ h^(lil80#^^>r 7. h^f208#T'$>ofe 0 Z.(D£?iZ^ ELO 
^{CJ:oT^i|(S{C^ H ^f4^^#$tl^^, M^tfGaAsS^InP 

[0 0 0 7] 

yr^y bm^m^^^f3^mmmu±izuimm^tm^mi^^^^^^ty 

h ^ (w/2) tan© (1) 
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fci-So ) 

[0 0 0 8] 
[0 0 0 9] 

Zm&cLf^ £ Rfc*^ 5 r i: IC J: »J # £ *i 5 1 1 I^S^«J^»«R 
[0 0 10] 

_tf2#i59!&> ^5f5(Z) F I E L O (Facet-Initiated Epitaxial Lateral Overg 
rowth) fcSfc&Lfc&CDT'&Sc FIELOtlt 7^ * ggp«|JJC7 7iz y 

fflW6 8^7f (1 9 9 9^) 17 7 4-7 7 9 H^lC#«HlCfH«S tlT Vn 

Jft£ Mtf)®^^ 1 1 WJEfi-ff:*^**©***^ vx^Wciot^^ti 
fflgu xtuc^o^rvx*©;?^ ^nipg&^i-sr^^Tf^Sc mas 

mtLXit. HVPE (;W K^-T KAffi«*Ss) > MO.CVDS^&jpJM-rs 
[0011] 

r^llCJ: »;sf£^<£M£BIoTV*fc (Mftlf 6 8H7# (1 9 9 9f) 7 7 
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4-7 7 9D „ ntit v^^ii, f&&mi£zmm?z>®Lm*:%:t~?*><DT- 

feot (#^1 0-3131927 1 #§*ff *<Z>«§HlCiB«) , 

Wl0nm~2/im«$*l 0 0 2 4 {CfB«) , &Mfi*_t 

[0 0 12] 
[0013] 

(i) V <4 x h £f # 5 0 #J«Tt' & £ £ i: £*f# £ * £ 1 1 i&Sf b*»¥3*#lR. 

(ii) ^;i/h#*U 0 0#J^TT*fe-5Z1^5:#^[i:^-SIII^>fb%^#^c 

wanton m&itm^mitm. 

(iv)±mummtm*mfrmz]3^T. fc-jvwfeiz* summit 1 o o cm 2 

[0014] 
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-5c mteof&m&ffiiz&^xi*. m&&<&ffizmz^mtfm«m$&znT^z>tf 

[0 0 15] 

(a) mmtf<D±\z]&mznfcffln®ikm^2>'?x>7 m^xtzm 
£oizBf&tsti&u immitm^mfam t . mi i immitm¥m<b±iz&f& 

miummitm¥m&mizfafr-3Ttem-tz>$R®tf, mumm: vxni^ 

ti^m £ £ t>* V * * M £ o T H ^ ti -5 V X * ffl P P*l T* f&f £ B&*¥ 

m^*v*m&&ti£oizm&2nfriummtm¥mftm£* munmtm* 
m<b±izB&,2tit=.m*mm£. ^m±^>iummtm^mi$.m^z^x. m 

(c) mmt. mmtt<D±izm&.zntc.fflu%v$ : m-?2>'?x>7 m^^^^m 

Mot, 
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V* * ±ffi £ ^ti^m <fc * MIC o T m £ tl -5 7^ V m Pi« Wt-ly 

[0 0 16] 

±ib 1 1 mmitm*Mfam*& &mi i mm^twm^mwtx it. mm-? * * & 

[0 0 17] 

±IH (b) , (d) ICfc^Tli, V^^©JP^$:^Pg|S<Di|isJ;U : b^:^< LT 

((1-101)1, (11-22) ffi^) iC^f LTTfB^C (1) £ii§fc^r£ 

h ^ (w/2) tan© ( 1 ) 

fc-T*. ) 
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[0 0 18] 

, MftmWLZMLKTtf. 3*i^O#^#ICJ:oT, m*mtitf*miz&Wt 
Sit^ttS. i<Z)Sfii:LT> UTOZt.tf%Z.bft2> 0 09 (a)lC'<£&CDF 
IEL0Xgh3£&<Z)i&£ Sr^tc 7K«±fCM0VPElCj:y/&:g3 

tlfcGaN^ B ^ttlO 9 M/cm 2 gM0]f V^^^$:^LTV^S 0 ^tlSr^lT* 

[0 0 19] 

MlCfcVMTtt, Si0 2 7X?$:]?lftU ©T*ffi#3i|gft£EI9 (b) CD 
J: 9 fc V X * il M T* 3 it 5 ^ i: fC i: o T « &<t £ 0 o T V ^ 5 . 
[0 0 2 0] 

v<*rt--x • • *7 - r^-f K • ?j Vvt* mz %m (1999 

^) 611^—^ {Cia«$tlTVNSJ:e>lC(10-10)Slif$:flJMbfeGID (Glancing 
Incidence Diffraction) &T'1J5£T'££ 0 Z CDM^&lCfctltf, t£*C9&ffi 
CO^T*^^fel40MmCOGaN ELO|gCD^;U h^&180#, y >f 7. h#&208#T'& *j 
> -9-7T>rrS«±OGaNill 1 2CD^;b hft32m, V 4 * b £ll88#(C.fcfc^T 

11 £B£E#2 0 0 1 - 3 0 9 4 7 3 2 



J* 

#2001— 063 6. 88 
**BtC*g&f£©###jie>;rifc. LfrLte&*>1?E&<Dmfa Mx.tfGaAsS«^In 

VNT, 550>ttm(Z)GaN ELO|g|£j£:g L tc £ Z. 5, _Lfa$J5£S;tC J: £3^1/ h^«90# 

h#ttj*s>fc#ofe. #Ctc, ^*©Sfl5©^SBj*LfeELOS«rS:2ISift»J3gL 
T*gfttt.©fcLLfctf-ofc. -fiB©#i*t±±JfiLfeELOS«fS:fllV^r40At«©GaN 
W&tfMKU 3g{CV**MT*&£ S i OgfcfcftttlffJC * U X* ->->^LT7 
0 a m(Z)GaN|g| & NtttC/&£3 -frfc„ 3 <Z)#?£{C «fe U # £ *l£GaN$|(Z)^;i/ h # 1*13 
3#T*&U> 7>fX h#%133#T?i&ofc. fi&3fe(3DSfl5JCj:<5ELO|KJCifc^Sfc^ 
;v h ^ t) 7 X S ^ t3/4gg i: ^ o b t v \ tgO^tt^:^ o „ * 

So 

[0 0 2 1] 

¥##"e&£. In x Al Y Ga 1 _ x _ y N (X^0,Y^0,X+Y^1) T*^3 *l£ ^©^W^ L < 
JgH&tU GaN, A 1 G a N I n A 1 G a N*Wi L<fflV^tl5. 

[0 0 2 2] 

>ry, fw, ft Rjt^cDjgttfc-r sit^t-ts. 3©e>*», xh^-fy 
1 os& ft© ft, 

(ii)III^Sft^^#©*SS*5eS:IISiii:bT [1-10 0] #r&j££tei£# 
(i)<M-S\ 77t7h#l©OTIi (l-ioi) (ii)tf)#-ir. 7 

7t-y hiMffitt (11-2 2) ffiil^S. 
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[0 0 2 3] 

n7Ttv hfte izf&txa&izmnzti&ifi* ft* l<i*3 ^m^itts. 

ft J: tf*- ;b h ft £ MM IZ + 2> Z. h tfi X* £ 5 . 
[0 0 24] 

fflliSo if^TMT, ZsVziy. SiC, ^>#tf>f K Al, G a A s ^© 
JMWttl&K^ ^*l£©i:lCG a N, A IN, A 1 G a N^OIIIigftW 
##Jf fe^JSKb^*©, &3V^i, GaN, A1N, A 1 G a N^CDIII^fl; 

[0 0 2 5] 

mmm 1 

#I&S6WCOV*T01 &#flgbt»ft«. £T (0 0 0 1) |g©if77>f7 

s«i i*iB&«fe»bfe«, inmmwizGm±mzm^z>mm£mfi:mm l m&. 

^ (MO-VPE) (CiV, 1. 5AmfflI^©GaNll 2§:^f5 0 G 

aNBt'i 2©^#niti, vyr^Tmfoi (h 2 ) j^^mi 

(N 2 ) ^MT'IiSl, l 0 5 0ic©figt% l 0^|WSft»«aS:fT^ 
□ &£1 l©jBJI«:5 0 0°C{CM?SbTfr<b, h'J^fM'J>?A ( 

TMG) £Ty=£-T (NH 3 ) 0 /imol/^, 4 0 0 0 cc 

/#^T'MU If 3 0nm©GaNfMn o T>^-T^^, TKiitf 
£J:tmj|i#:*fc#M&Lfc#&-9-:7T>f 7««1 15:1 0 5 0X}(Z>MSIC# 
StS. SI^l/T^e>, TMGS:4 0itiol/#^MU RJV 1 . 5 
/tm©J?StCJ&«J:-5tC^'t- « (01 (a) ) „ GaNUl 2 

, (S i H 4 ) (G 2 ) S:MV^S^CVD«61CJ: V** 1 3 
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5 4 (immmcDS i O 2 m$:Mf&-? Z> * S i 0 2 I©7^^ 1 3©^fftt. 4 
30X:<DUmX*. ^t'J7^i:II (N 2 ) SrMVx, S i H 4 #J±, fc<J;tf0 2 
^EE^4X10" 4 atm, 4X 1 0" 3 a tmtlTofc. S i Ogjg 1 3 iZ 

VV7.V\Z&&m%&M~l:* S^>f -^{C/\°#-^>**U C F 4 ^C l 2 ^tf)# 

«S1 4 ^PSPl 4©^h5'f^tt, GaNgl 20 [11-2 

o] #fiHcjBjfcu hspbp i 4Ka, 7 # misnwt?, mwt^mzft 

m^t~ (HI (b).). 
[0 0 2 6] 

&tc, iummttK.Mvyj* (Ga) tmt^m (hcd ©sjsku:*^ 

(GaCl) £ N H 3 £#J V^S/W K^^f KVPE (HVPE) 
VNT, GaNil 5£7£j£f£ (01 (c) ~ (e) ) . G-aNRl 5 <Dj&f&^ 
ffitt, ft-f* HVPE«; (HI (b) ) t3L^GaNIl 2, S i Ogig 
1 3 Hmumi 4 MLfc?77>fTSil 1 £izy h U ^XilTi'^ 
-7^X$:Mb4A^ 1 0 2 Ot®MiC#fitS. T^-TtfXti:, 6 0 
0TCt&ft^e,««&L'fc. **««fflfiS^LT^&, GaClMlTG 
aNil 5©^$rJ3r^^ 0 lgt*4<04JM&*fcjU G a ±tC&j&t 5 H C 1 frEb* 
5. 3 X 1 0" 3 a t m, NH 3 ^m§: 0. 2 6 a tmfclfc. UWSit H 
Pgpi 4(Z)GaNll 2±#&:nfc:dr^$/*;i//&g#fT*>4'U (1-10 2) ® 

sit iits7 7t>> hiji^Msns (hi (c) ) „ mKm&zwmzt. 

, GaNgl 5tt, -7T J tyhm > &1tMWLfc£&. S i OgjglV* * 1 3 JhlC 
77t»;N«IS:^t« (HI ( d ) ) „ ^SriiWSi:, »8tS7 

rizy h«3i©G aNH5 £-£#U 3 £ tciftA«:Ml^« 
oGaNR^jSStlS (Hi (e) ) . 5 ^ra©^«T% 2 0 0 /i mfflgf © 
GaNRl5*5ff6.*l6. f£^> N H 3 #* £?Mi#X££y&b&#<D, 
L, 6 0 0°Cbu^T% NH 3 ^CD«#&S:f?JhL, ffit, ii^T'Sffi?: 

*«U «««ftllfe«»J»t. 
[0 0 2 7] 

*ytfll/fei«S*l l±JC7£j£bfcGaNJg|l 5fcfc, ^»*««Tf**Ufe 
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44£atU fiS®^^ U 7it^&» ixi0 16 cm" 3 , te. 800 

cm 2 /V- s^f#P,tlfc. UWMT'GaNil5»i^ 
fcfy 5xi.0 6 /cm 2 TO#^, B&«EL^X^m 

1fflZ&2>Wfemfr<oV( X h##5 0#\ ^;bh##l OOfm^r^W 

[0 0 2 8] 
HJfcM 2 

*^M(c^v^tbi2 zmmLTWim-t&o *f (oood 810^77^7 
ii2i©^iffi&^ifet 02 (a) ) , ±mmmwi tmmizis^y 

(SiH 4 ) tmm (0 2 ) £fflV^f&CVD&{Cj; »J,. 4 mlfffl S i 0 2 M 
(VX?) 2 2&MtS. Si0 2 l2 2©«i, JlfH^Ml kRFSiJc, 

M^T% ^^■Jr^iCli (N 2 ) $:fflVMSiH 4 ^ £ <fc O 2 #ffi £ ^£ 
4x-?tl4 X 1 0~ 4 a t m, 4X1 0" 3 a t mt^fofe. r^(C, Si0 2 JH2 2lC 

^a<jtci^^bT^-rs^pgi5 2 3 ii. y vtr^yjnmnv^v hx^f> 

It2 1© [1-10 0] #l«HC7£f&U ggPSP2 4 $12:2 # mT% 
PiT'S^StC^Lfe (02 (b) ) . mn®2 3 Itmm-t&tc&KDS i o 2 
12 20x>yf>^MlCA^77- K^ylft&JB^T, 4 ^m^jP©S i 0 2 
12 2 $:X^^>^i-<5©iCj^l 4#fr#T?T o£„ #CtC, III«]gCf5HC^;»& 
*&#V*S#*£*ft^«ffidU«S (MO-VPE) ICJ:U, if^2 1^iS 
©H8P3IS2 3 (C, 6 0 nm®lf ©7=E;i/7 7^tG aNf24 (EI 
2 (c) ) . GaN!24 5fc?\ 2 1 £^*i£S{Cl2 y h b 

, H 2 MCT*> 1 0 7 0iC©S||tlO»iM^7om 5 0 0°C©M 
IlCffitS, II^bT*^ h U *^;i/#U ?A (TMG) ilT^^-T 
(NHg) ^&fnfftl0^iol<$^, 4 0 0 0 cc/^WU^t 
G a N«2 4 Zmtf.^ ta*T*5lfiLt, U Jfc *J ffi-f= #C*C, 

±3am6^1"efflV>feHVPEj£JCJ:*;GaNK2 5S:^J«tS. 7gJ*3MBWU 
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««2 1 &MgfBJClzy h U H 9 #H^T% 4 0^»t 10 2 0 
t:0)MSlC#?a-r-5o S«2 l <Dmmtf6 0 OTCffrffe*^ O. 15atm©N 
Hg^ESMtS. d<D#MST% 7 : E;i/77XtlCGaNl24{t 

#ICSi0 2 i22±fflGaNl23{j:, MftL^P 

(D»GaNi2 6i:4oT^#t5. IS*^l/t^e>, Sfc1*, Ga±(C 
MtSHC 1#JE£2 X 1 0" 3 a t mtHI&U GaC 1 tttSi2 1 _tlC 
Kfi^-T*. 3O^0Mft, «»t6'HC 1#£E£ 1 X 1 0" 2 a t mJCJtflHU 
GaNK2 5Mt5„ n§?<£>#«1£ «fc ? IC> GaN©»H Si 

H 2 Cl 2 ^&2X10" 6 atmMlfe. JjfcKiftSfct* *16«lfcH«»C, IK 
lz?t«;otf|§I©GaNl2 6^^SU ^PgP2 3 lC:77"fey hM&Z 
Bf&Lt=.%t. 7>h7>f^©Si 0 2 I2 2 5:gV\ »S-rSMfPaP2 3*»P>^ 
5lfeGaNl2 5 S. 3 feffitt* fc, W^B«GaNl 

2 5#7£j&-e££ (0 2 (d) ) o 6 ttRtojAfi*? 4 5 0 m(Z)J?3(Z)G a NJ^ 
2 5MT'§L GaNi25©M, NH 3 ^Xil*i^§:ML/^^ 

#XT*S§gft£gg|LS#i*iS.il2 1 £Ifc'Jffiir„ 
[0 0 2 9] 

£«&J|2 1 &ffl»l£CJ:y|jfc£L##0>GaNlR2 5«bfc„ ##<DG 
«tt&j*U »ja©*ir'JrIStt8 X 1 0 17 cm~ 3 , ®Mm U) tt3 0 0 c 

mVv • s tm^m^m^tir=. 0 ttc ^©GaNi2 scommz&mzm 

, 5 X 1 0 6 /c m 2 ^#e>4xfe 0 X^EItf^^ (0 0 0 2) Wr©^*! 

[0 0 3 0] 

mmM3 

*mt&miz^>\,\Tm3 z&mLTWtm-fZa £1% (in) ®©^un> ( 
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#2 0 0 1 —0 6 3 6 8 8 



(MO-VPE) 0. 4/tm0lf©AlNl3 2&Mt 

AiNi3 2«f»i ±ib, mmmi nmmzj&&Lfr 0 si 
mmz i tikm (h 2 ) m#x#h^T'#mu 105 owumx*. 

1 O^FMMI^fto. ^am, h'J^^I/T/K-^A (TMA) £T 
>^^T (NH 3 ) tfX^-etl-TtlS 0 ^inol/^, 5 0 0 0 c c /#^T'«^ 

mistetfb-y-y 7 A rmfo3 U105 or;aumzmi&-?z> 0 ?£tc, a 1 ni 

3 2»lfet, (SiH 4 ) £fifcX (0 2 ) &JBV*S8&CVD$£JC<J:*J 

, 4 Mmlf ©S i 0 2 13 3 &f S i 0 2 l3 3 0i^ff(t 5 00 

^-V^jr^ica* (N 2 ) SiH^E ££t>*C> 2 #jBfc 

5:4X1 O" 4 at m, 4 X 1 0" 3 a t mtlfofe. S i 0 2 )g 3 3 ±iZ V 

S?* hj^3 4 £0j&U VV^VAVLZ. y i/s;* M34 {c;* h^>f :/:fKJc|itefe 
U Si OI3 3 £MffiLfc|fim3|S3 5 $r^^^> (03 (b) ) . |»ng|S3 5 
tf>* b^^^Jjfalt. A 1 NJ^3 2© [1-10 0] ^fttCJgjfcU ^P§P3 5 
*g#2 fimt U 1 0 ^mraPBT'S i 0 2 BI 3 3 ^SS^MCftMKtfc. #CtC, 7 
vMft^<OXy^>y»[S:Mv^T, ^PgP3 5Cia5lfcS i 0 2 13 3 £x-/?- 

A 1 NJg|3 2M#affi-r&i;T*xy5 1 >^-r££:l2I3 (c) 
£ 3 &7£tt<Z>#IM® 3. 6^3*1*. A1NI3 2 ^Iffilt^ 

3 4 &i&£-r5o 

[0 0 3 1] 

flCJC, ±flB*ifc«l, 2 tffl ^ t H V P E S(C J: *j G a Nl 3 7 5:^ figt. 5 . 
J&f&^mi*. S ilf3 l &«*SWic-fey>U H 2 t^^x#H^ 

T% 1 0 0 0°C(DU%.^g-U-$-Z>o 6 0 0°CJ^_hT'0. 3 a t m<D N Hg^ffi £ 
MA^L/t*^G a_tJC«*&-tSHC 1#JE£ 1. 5X10" 2 a 
tmt'Mb, GaNR3 7S:^jSt«. 6 B£Eg<Z)j£:ST* 6 0 0 n mODj^S ®G 
aNl3 7«T^fe. GaNl3 7®jSM, N H 3 #* £ *ifi#* £ 

[0 0 3 2] 



aj$E# 2001-3094732 



#2001—0 63688 



nMomm'&zBis. tao^tyygittBxio^cm" 3 , n 
mm u) «7ooc mVv • s t-^mt^n^^o &t~. ##:tf)G a Nl 

3 7 (DMffilZ&mZBf&ls, Ui^OMtGa N^2 5 ^t®tf)X-/^tf-/ h 
^S$:S!l^Lfcil3 5, 6X10 6 /cm 2 #i^fe D * X^tHtf^e> (0 

002) m*f(Z)^#iii^ i o o®£m&n&mMtfmt>ftt=. B 
*mMMT*izm%mm^ siI«3Uffi^^t^ ^i©GaNi«T- 

h (La 3 Ga 5 Si0 14 ) , S i C, 1 0 0 nm^T©i^^I/i)W$tlfc# 
ISt, GaAsf^ffi^^tlSo 
[0 0 3 3] 

mmm4 

J^i& (MO-VPE) (CfcU, 2/tm0lgffiGaNl4 2$:^t5. Ga 

2(D]&f&^mi*. t77>f7it4 1 (Hg) 

i^til (N 2 ) #*#B^T% 1 0 5 0°C(DM^T', 1 O^^SIiM 
$:^e>o t77>f7Ii4lSI5:5 0 0t}tCiSbt*^, hV* 

f;b^'j7^ (tmg) tr^^-r (nh 3 ) #*&-eti-eni o /*«oi/## 

, 4 0 0 0 cc/i^T?MU I|[3 0nm©GaNlWn„ NHg^f 
feJ:r;iI^I:Mb^*^t77^7S«l 1 & 1 0 5 0X3 
<Z)?SSlC#iS^£o iSS*^Lt^e>, TMG$:4 0/tniol/^t^U 
£|J|E2 #mtf)flE3tC&£ <fc $\Z.m&*r Z> (H4 (a) ) . 
[0 0 3 4] 

GaNl4 2±Ci/7> ( S i H 4 ) (0 2 ) V^il&C V 

IC£*J, 7 7>^TOt*5 2/tmIi¥©Si0 2 l4 3$:Mt§. S i 0 2 I4 
3<Dmi&0km** 5 0 0°CCD^T% 3r ^ U T iC^fii (Ng) &mv^ Si 
H 4 ^-JE, ^itfOgrfrffi^ X 1 0~ 4 a t m, 4X10 " 3 at mtlfofc. JgiC 
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, S i 0 2 14 3±IZS i NJBS4 4 &^fS„ S i N£|4 4 tt, SiH^t 
T>^-T^^$:fflVN^>^^X^C VD^fCJ; U> 2 >ti mtf)J¥£T^J&L£. (@ 
4 (b) ) o Mf&3km*. S i H 4 & 17 5c c/m i n, NHggfc**: 1 5 c c 
/min, iiMi$:100cc/mini:lT, 3 0 0TCt«Lfe. Zl 
<Z)£:£tf)§£«|*lffi7j$: 1 3 0 P a £ Lfc„ SiN||34 ^ffif*j£?Si± 

^^LTCF 4 ^?:M^feS^-r^->3:y^>^lC<k»; S i N13 4Uh 
^-f^HKJCA^-n^y-f £„ S i N|g|4 4 tefiiStCXy^yStu iPi4 
5A«$tl5. HPSP4 5©X h^>f ^fqjte, GaN!4 2 (Z> [1-10 0 
] #|Sf«fc»; 1 Oll^t^b, B3PSP4 5ipgtt, lfimtL. 6timmmX*. 

mm±mzftmhfr (04 ( C ) > „ r*&c, 7^^x^f>^x% ^pgp 

4 5JCJ: U^ffibfcS i 0 2 Jg|4 3 &?:ny hx>)/f -£<Z)^, l/^* 

MK4 6SI8lSt5. ^PgP4 5<Z)S i 0 2 j^4 3 li, 04 ( 

d) izB-t £otemft£teZ> 0 

[0 0 3 5] 

±mMMMl ~3 t'fflV>fcHVP ESstCj: ( JGa Njg|4 7 $:7£f&-r£ 0 

#H^CT*> 1 04 01C©iag{CMt5o 6 0 01C«±T'0. 4atm©NH 3 
aS^Scgbt^&G a±(CMtSHC 1 d^BE ^ 5 x l o" 3 
atrnt^U GaNH4 7MfS. 1 0HIS©^T'4 0 0 /tm0j?3 
©GaN^4 7Mt^fe„ GaNj|4 7CD|Sm NH 3 ^il*i^fc 

[0 0 3 6] 

35, ns©m&^b, mia©=¥^ura^ii8x i o 15 cm" 3 , mmm ( 

li9 0 0 c m 2 /V • s tm^mt>m «b*l£ 0 ##:<E>G a NI4 7© 

*®&C#®S:7£j&U V AjMft&mmVG a NJBI2 5^®(7J>x^^lf^ h^S£ 
4X10 6 /cmV#?.tlfe. X^EI^fA^ (0 0 0 2 
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J 



#2 0 0 1 — O 6 3 6 8 8 



MMWT'lt. S i Ol3 5®x^f CF^ 

**m^t-Kfo ! &.j*yx-v?-y>fmm^£.^T. s i o 2 m<z>-®£r~i*. * 

[0 0 3 7] 

5 

^ (MO-VPE) lc£»j, 1 w miSOljPCDG a N|g 5 2 Sr^fS. 
G aN!5 2(Dmf&^mte> -tfH, HflSl fcRSiJC^Lfe. $fc-f> t77^7 
S=K5 1 $:7Km (H 2 ) ^Xilli (N 2 ) #X#H^T*#?&U 1 0 5 0°C<Z)?& 
ST', lO^flglW^^o. ^S^> *77>f7li5'lIIS:5 0 0 
VlZffiULXfr*. bV **frifV*72* (TMG) HTy^=-T (NHg) #X 
5:^*1^*11 0 # mo 4 0 0 0 cc/«^«U If 2 5nm©Ga 

NI^MI, NH 3 ^, ykmifx. fe<ktJ ! ii^S:Mt&A^*77>f 
7SS5 1 5: 1 0 3 OTCCaS^atSo &fttf5&£LT&g>. TMG 5:4 0 
^■ol/##T?#*&LT7g/&Ufc (H5 (a)), 
[0 0 3 8] 

&iZ. GaNl52fflW, *>^> (SiH 4 ) £^it (0 2 ) fcffiV^ftfcC 
VD^ia'J, Wil^S 4 ,/i mlf ffi S i 0 2 I 5 3 $:Mt5„ Si 

O 2 l5 3 0Mfflt 5 0 0r®SIt*, 3f^V7#;UC^ii (N 2 ) &#V* 
, S i H 4 #£E, fcit) f O 2 ^ffi$:4X10" 4 atm, 4 X 1 0 " 3 a t mfffo tc 
„ 7£fC, S i 0 2 I5 3_ttC WO?;*. hJg|£0f&U U ^*J* h IC «k £ V 7 £ 
7:yt^©Mi^f>^cJ:'J^ h^>f ^fcs i 0 2 BI5 3 &Bfc£LBBna$ 
5 4 ^MtS (IS 5 (b) ) . BHP«S5 4CD^ h^>f ^[Rltt, GaNBI52 
tf) [1-10 0] ^[nltC^L, H8ng|Stf>(iI£ 2 /trntU 12 ^ mlSPBT? S i 
0 2 I5 3^®££Mcf£§gLfco 7>yt^©xyf mmm2(D (b@ 

) iC^LTc^&T^WS i 0 2 I5 3##£>*l£ 0 
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mu®5 4 v /urn £.mwt<D&&WL-ex.y m 

Pgp5 41CML&G aNi5 2 itfoik't 2> e £ P> tCX y ^ > ^ S 
i 0 2 K5 3T»«— WfcfifofeSft, GaN«5 2tCflfM®5 5#Jgj*3*l6 ( 
05 (c) ) . V/uMtffiMomHtmi*. 1 *f 1 CDfU^T?, 2 4 0m©iSS 

[0 0 3 9] 

7£{C, ±8a||J6«l~4-efflV%feHVPEffiJCi:yGaNJK5 5 Sr^fiKtS. 

0 OWUmz&Wf&o 6 0 0TCJ^±t'0. 4atm©NH 3 ^ff*Mt^ 
c SI*^ I G a ±(CMt 5 H C 1 & 5 X 1 0 _3 a t mt'Mb 
% GaNH5 5Mt5„ ^©RBtt, S i 0 2 15 3T0GaNl5 2®i 
ili5 5^^^>J, S i 0 2 JK5 3JC«fc*;iaW3tlT, ^n§P5 4lC7 
7t7hiI©GaNl5 6«3^ (EI 5 ( d ) ) . $ t> JCJ&R&JBWS 

»Jl~4t'^bfej:9{C, Xh7^^©Si0 2 l5 3^IV\ 
•TS^PgI55 4 ^^bttfeGaNl5 7 £:£-#:-r£ 0 3 fcffittS 
fc, Wj;»GaNi5 7MT'tS (El 5 (e) ) . 6 B$ffl6)/&£"? 3 
0 0 /t mfflf$ ©G a NI 5 7 «t § fc„ GaNg5 7 0filM, NHg^ 
X^7K^^^J3<fct>*^^X$:#t^L^^^^Mt-S 0 6 0 0°Cftf^T'T>^- 

[0 0 4 0] 

7£IC, t77>f7««5 1 &U-1fia«t^tCJ:»JI»*b#fta)GaNJK5 7 & 
flMKLfc. f#fflGaNi5 7&*-;i/M£K«fcy**y7ftK, 

ft£ (At) tt8 0 0 c m 2 /V • s £HSvvffi#*#e>;ftfc 0 #ft©G a N|g& 

5 7 <DmWK&n*J&f&L. V/uWl&omm-ZG a Nil 2 5Wi^tf>y h 
«&££8!!l5£Lfci:£5, 4X1 0 6 /cm 2 ^i^fc„ X$g®#rfr£ (0 

002) @#r®3Hratf 1 1 o®£m&ntemg.tfm*>n&o 

[0 0 4 1 ] 



miiE# 2 0 0 1 - 3 0 



#2 0 0 1 — 0 6 3 6 8 8 

(L a 3 G a g S i 0 14 ) , SiC, G a A s 
[0 0 4 2] 

mmm e 

rue i<D&&.mm%:mw\stc%L. ±mmmm i T*m^t=.iummniz^mi£ 
mzm^zmmi&m<t¥%m!&&m cmo-vpe) ©^m^#T% 2 (imam 

j?0GaNl6 2 5:Mt§ (®6 (a) ) . 7£lC, ±|2*«« 1 

> (S i H 4 ) £&Ut (0 2 ) £ffiVN£fg&CVDj£{C <fc »J, 4 ^ mMJ*© S i Og 

k (v**) 6 3 5:0^1-^ (me (b) ) . si o 2 me 3<Dje&3kmt* * 

■vVTJSUCmm (N2) fcffi^T S i H 4 #ffi. £cfctf0 2 #ffi£^-*ieft4 X 
1 0 ~ 4 a t m, 8X10 " 3 at £8X10 ~ 4 at mt'M U 3 

5 01C^f,6 0 01C©?aii:bfc o fSL&tiJmi** ^JB&TffrV*, £**ICM^£ 

±#si±^ 0 mmc, o 2 #j±&, keu ^ra^it^ico 

*lTtf&#£7£f&L£o #CIC, S i 0 2 16 3 SraB^Wtc^UT^-rsBBP 
8P6 4 tt, U W^yj&ffiUV^y bx-v^yfizi: y * f»9>f ^RfcftW 
So 0HP9S6 4©^ h^-f ^©^rfojli, GaNi6 2© [1 1-2 0] 
15HinMU HHP3IS6 4©«Stt, 1. S^mtbT, 5 n m^PiT'l® 
£B{Cfls$gbfc (0 6 (c) ) o SiO 2 l6 3 0MX7f>^it Ga 
NI62 il ©#]gja^^ Ct § X f > ^IS^ S i 0 2 I6 3*ffiJCfe^SX 
yf>yai®3§aJ:i:ft6. z.<Dt=.th, xy^>^, Si0 2 Bl6 3teEf 

6 (c) ICjitrJ^&TgttfcfcS. 

[0 0 4 3] 

#Clc, Hl«MMJC^#^M$:ffiVN-5^^«^^^*^ (MO-VPE 
) lC<fcU, g«^H6 l^ffi©ggPg|S6 4fr£G aNJ^6 5 ZJ&f&?2> (HI 6 ( 
d ) , (e))/GaNl65 £« 6 1 &Jft«&*(C-fe v 

hi, Mt#*#H5v,T% 1 0 5 0iC(DigSffl#St^. IMI6 

1 #6 0 O-Ctfjfi^NHgtfXfc 5 0 0 0 c c/#^T'Mt5„ 
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5fc£UT*»e> h y *^;t/#u ?a (tmg) &4 o ^moi©#-e s^Mbt 

, KP»64IC7Tt*; NilOGaNR6 5^|!t5 (H6 ( d ) ) . 3 <b 
iZ&&$:ffiV. HP»64^P,«SLfeGaNR6 5tt, 7 T"fe V h*5t*^«5 
Ufc**, Si0 2 i6 3&gK m^-rsggPSP6 4*vP>^LfcG aNM6 
5 il-a-^-rSo TMGi& 1 5 0 timol/teftlzmML. n ~^(£> K-/\°> h 
tltS i H 4 #*£ 1 X 1 0" 4 c c/#^MLT, 3 eflC/^S fci^ttS £ 
W^ffi^tnGaNH6 5MT'§S (0 6 (e) ) „ 2 0W)SS 
1 1 0 0 /i m©f $ 0 G a Ni 6 5 Mt* t fc. GaNl6 5©^t« NH 

[0 0 4 4] 

5 &JfcffilL##©G a N16 5 ifctfMKLfc. #^©G a Nl 6 5 Zft-JlWfeK.' 

UT»arttl X l 0 18 cm~ 3 , U) &2 0 0 cm 2 /V • s fciSVvfBtf 

5X10 6 /cm 2 ^?,|lfc o Xifi&IItfr** (0 0 0 2)111 

[0 0 4 5] 

JW±M^ feHJ6« tC 33 S V X * if Si H , # tl 1 1 I8jgfb&¥*#¥«# 

(i) 

h ^ (w/2) tane ( 1 ) 

itsffi^j:i) f 77t^ hmmawm 9 mum 

[0 0 4 6] 
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(/im) 
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200 




4 


2 


450 
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2 


600 




2(SiO,) 
2(SiN ) 


1 


400 




4 


2 


300 




4 


1. 5 


100 



[0 0 4 7] 
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[$k2] 





(8>) 




(cm" 2 ) 


(cmW-s) 




100 


50 


<5x 10 6 


800 


mmm2 


100 




5xiO fi 


300 




100 


— 


6x 10 6 


700 


nmn* 


100 




4X10 8 


900 




90 




4X IO 6 


800 


mmme 


100 





5X10 6 


200 


ABLEG *1 


175 
138 


— 


— 


— 


ELO *2 


tfr 180 

& 360 


— 


— 


— 


PENDEO *3 

(1) 


264 
176 








PENDEO *3 

(2) 


205 
205 








PENDEO *3 

(3) 


176 
176 









[0 0 4 8] 

* 1 ABLEG : #*TH!|}f I.KidogucHi et al, Appl .Phys.Lett. , vol 76, 3768 
(2000) <fc *J 

* 2 ELOtUCSB: P.Fini et al, Appl. Phys.Lett. , vol 75, 1706(2000) <fc *J 

* 3 PENDEO: Sony S.Tomiya et al, Appl .Phys.Lett. , vol 77,636(2000) J: 
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[0 0 4 9] 



04 {«H5gMlC^-5^^l/--tf(Z)^»T®®T^S 0 ffl^fcn-GaNl 

-VysfmmtSX 1 0 17 ^/c m 2 CD^(Z)&^ML/T^-5o :©n-GaN| 
WlA 1 h^fti 9 0#, ^XhM4 5^ofe. i 

0 0 0 c m 2 /V • s tS)ofe„ 

[0 0 5 0] 

n-GaN|Sl 4 1±JCS i F-^niA 1 0.1 Ga 0.9 N (S' 4 
X10 17 cm" 3 , 1^1. 2 /ttm) fr<b&Z> nS^7«V KM 1 4 2, S i 
nSGaN (5/ U =r 4 X 1 0 17 c m~ 3 , ^30. 1/tm) ^?>^5nl)t 

KD3i«bjf 1 4 3, In 02 Ga y N (J?$ 4 n m) #J5M £. S i K~ Zf I n ^ 
05 Ga o g5 N (i/'j3>iS5X10 18 cm" 3 I$6nm) A'J7lA^^#l 
(MQW) Ml 4 4 (^31) , Mg F-ypSAl 0 2 Ga 0 8 N 
^^^5^^7^114 5, Mg K-^plGaN (Mg|S2Xl 0 17 cm" 3 
, ffSO. 1/im) frhtz* I>WiybmV&&m l 4 6, MgK-^pSAl 01 
Ga y N (Mgg|2X10 17 cm" 3 , J¥£0. 5 /* m) A^^5pi^7'y 
KI14 7, MgF-^plGaN (M g 2 X 1 0 17 c m~ 3 , ff$0. 1 /i 
m) *m>>&.5 pM=l>#? h« 1 4 8 ZMMSkZ-ST, LDfjlMtS. 
l^-f Mli 2 0 0 H P a ©iffiMO C V D^it^^^fctl, Ga, Al, 

1 n^ttTMG, TMA, TM I $:fflV^TV^5o ^Slm^li, InGaNMQ 
WigftJi 1 4 4t'tt7 8 0 Q CT*&*J, -£tf)ffi©Ji 1 tC^3VNT«1-^T 1 0 5 01C 
T**Tofco K^-f Xy^>^{cj: U p§?^7-y KJ» 1 4 7 UT p M=l > # ? h 

Mi 4 8 &^£*ifMBP#iftic^ufc^ s i o 2 ,^jii 4 9 



2 6 
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m&<Dmm\s*myb&ffiizi:>)ft\,\ v?*mm. ((@2^m) zm&Lfr. ng 

S^atCliT i/A 1 ^f,45nt|l 5 0 £?£j&U p =i > # * h ±IZ N 
i /Au^^j:5plil 5 1 SrEMfcLfc. 
[0 0 5 1] 

£$I£bfc„ ^tf>M^. lt^iW2 5mA 2. 5 k A/ cm 2 

, 0 0#J^T<Z>#'[4£*lT£fe<AT*&*U;mv^ 

[0 0 5 2] 
Jt*«l 

MMMT (DttmmtLT. ^*»^T«lfeE LOgG a Nif 

O^m) SrMlt, I -L#'ffi$:M^Lfco Ltl«^3 4m 

A (SSfc&Sa. 4 k A/ cm 2 ) T'&U, X n 0 . 8W/AT'feo 

[0 0 5 3] 

% X D - ft± L T V* £ d £ o 

[0 0 5 4] 



2001-3094732 



#2001 —0 63688 

[0 0 5 5] 

Sofe^[/jN^^^©^^T'&^^h$:^^ : fo(DT*feS 0 #gg¥l 1-25 12 
[0 0 5 6] 

mi<DM& Z>WL'P\Z J; o T £ "o $ tlfc t> CD £ tl £ , #28 1£ \Z J: § h 

-to jb z ti h m&o&wtim'p Lf~zmz£v mM 3 ti £ % <d 1 ■=> n 

[0 0 5 7] 

mm^l 1 - 2 5 1 2 5 3#^#ta*&©&ffi{C;i3^T&, ^X^©^PgPJ:U 

o 

[0 0 5 8] 
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[0 0 5 9] 
[01] 

#35 ^ tf> H S£ M £ M S £ 4?) (?) El X& 2> 0 
[02] 

#?8^©IIS£M£i&i£t-£fc&CD0T*&£„ 
[S3] 

*$&wa>mmMitmwtz>t~&b<z>mx&2> 0 

[04] 

# i§ w o) m mm z m m ~? z & & 0 x & -5 „ 

[0 5] 

# i§ w o> m. mm z m w s ^ * ® 0 t*& -5 „ 

[06] 

#38^ ©nmM mm -r -5 * <d mx& z> o 

[07] 
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ftm(Diiimmit®¥mft<Dmttmzmw-tz>tc.to<z>mT*&z a 

[09] 



1 


1 




1 


2 


G a Nl 


1 


3 




1 


4 




1 


5 


G a Nl 
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